Abstract: Previous studies are limited in identifying the effectiveness of each country to seek sectoral support rather than integrated aid. However, it is hypothesized that sector-specific aid by Official Development Assistance (ODA) may be more effective than total aid. This study aims to identify the determinants of economic growth and the living standard levels in 15 Asian countries, focusing particularly on the effects of Official Development Assistance (ODA). In order to explore this research question, we have used two indexes: (1) the annual ODA grants to Korea, with aid type as the key independent variable; and (2) the human development index (HDI), to measure dependent variables from 2006 to 2016, across the 15 Asian countries. Special attention has been paid to understand which is more significant on human development, the effects of each type of aid program individually, and the whole amount of ODA assistance. We have constructed a panel model and a fuzzy set ideal type model to account in the data for qualitative attributes by recipient countries. We have found that the economic and social impacts of ODA on the basis of panel data are significant and that our instrumental variable (IV) method illustrates a statistically significant impact of the total ODA on the HDI of the recipient countries. By separating the total amount of ODA into economic and social sectors, we have found that specific programs of public service, medical care, and welfare are more likely to directly affect HDI. While the total amount of ODA still has a positive impact on HDI, education, health, and the public service field, aids also have significant effects on HDI. Although the effect of sector-specific aid in the water and sanitation field grant-aid is not significant in panel regression results, our fuzzy set method shows that, even if education aid is low, HDI is estimated to increase if the level of health and public service aid is high. Our empirical findings suggest that (1) sector-specific aid may be more effective than total aid with ineffective sub-aid programs and that (2) an optimally specific combination of various subprograms in ODA may exist for each developing country.
Introduction
Official Development Assistance (ODA) dates back to the post-World War II era. The beginning of ODA is considered humanitarian aid from the United States in 1948 to contribute to post-war restoration efforts in Europe. Since that time, many organizations have been established on the international level to contribute to aid activities, and various efforts have been ongoing, including many kinds of meetings and declarations between countries [1] .
In the past, the poverty level of the recipient country and the economic interests of the donors have been the main reasons for the ODA. In the 1990s, however, democratization movements began to spread internationally around the world, and these changes gave legitimacy to the pro-democratic aid policy of the West. In other words, it could provide the reason that the recipient country needs the donor's assistance type in accordance with the political conditions such as the degree of democratization of the recipient country [1] . In recent years, a consensus has emerged that, no matter how many aid benefits or resources are provided, such aid cannot bring the intended good results given poor conditions, such as poor governance. According to the 2005 Human Development Report [2] , there is a general consensus that foreign aid's first objective should be human development. In 2000, governments from various countries signed the Millennium Declaration with a pledge to work toward the freedom for peoples under dehumanizing conditions. The various movement to differentiate aid according to the governance conditions of the recipient country has begun to emerge. This led to diversity of aid, for example, as an opportunity to shift to sector-specific aid and bilateral assistance rather than total amount of ODA or multilateral assistance. Since the 1990s, Korea has been donating to various sub-programs of ODA in line with this international trend [1] .
The size of aid from the international community has increased steadily, and the total amount of ODA in 2013 has been renewed since the beginning of support in 1984. While the initial international cooperation focused more on the economic growth of recipient countries, recent trends are focusing on welfare areas such as health and education that can enhance the quality of life of individuals. In the history of short-term aid, aid effectiveness has also been discussed. A main topic of discourse was the effectiveness of aid through wrong management and input/output analysis. In recent years, discussion has focused on macroeconomic development effects and studying the causes of economic growth, as well as an estimation of contribution to the slowdown of growth. However, there is no consensus among donors and aid agencies as to what factors determine the effectiveness of aid. The ripple effect of aid might be derived from various internal and external environmental factors embedded in recipient countries. In addition, it is difficult to confirm whether or not the improvement in the vulnerability of some determinants is the causal effect directly linked to the enhancement of aid effectiveness.
Korea has followed the recommendations of the 2013 DAC Peer Review and integrated the list of 24 priority partner countries common to both grants and loans [3] . It is now concentrating over 70% of bilateral ODA to these countries for greater impact and effectiveness. More than half of the recipient countries are in Asia. Asia is the world's most populous region where two-thirds of the world's poorest people live. The priorities of development vary greatly from country to country or from area to area since Asia is an ethnically, historically, and culturally diverse region. With a rapid economic growth rate-with China, India, and other Asian countries growing at the rates of 13%, 9%, and 6% respectively, on average per year-the Millennium Development Goals (MDGs) are likely to be achieved in many Asian countries; however, the development gaps between the rich and poor and between rural areas and urban areas need to be resolved for balanced and sustainable development [1] .
In addition, Korea is well aware that achieving the Sustainable Development Goals (SDGs) Agenda requires a concrete implementation mechanism and well-designed plans. Legislation that directly addresses the issue in the domestic context includes the Sustainable Development Act, and Korea uses the mechanism underpinned by such legislation to internalize and implement the 2030 Agenda through whole-of-government commitment.
The Third Basic Plan for Sustainable Development, adopted in January 2016, presents a vision of the harmonious development of the environment, society, and economy, and sets outs the four goals of a healthy environment, a safe and integrated society, an inclusive and innovative economy, and a globally responsible country, as well as 50 implementation tasks. Each government agency carries out tasks, and the Commission on Sustainable Development will review their implementation and issue a sustainable development report every two years. The Korean government also has a plan to develop indicators in order to evaluate progress in implementing SDGs in the country and ensure policy coherence [1] .
While the implementation of SDGs in Korea is carried out by all relevant ministries, under the Sustainable Development Act and its mechanism, the country's support for the international community's sustainable development efforts is based on the Framework Act. Enacted in 2010, the Framework Act includes the "pursuit of sustainable development" as one of its principles. The Korean government set a basic policy goal of contributing to the 2030 Agenda for Sustainable Development by adopting the Mid-Term Strategy for Development Cooperation (2016-2020) in November 2015, the highest-level policy document endorsed by the Prime Minister. Based on annual implementation plans, the total amount of budget set aside for ODA in 2015 reaches 0.14% of Korea's Gross National Income (GNI), which is equivalent to 2.3 trillion KRW (about 1,915 billion USD) among which 77% is bilateral ODA and 23% is multilateral ODA. Within bilateral ODA, grant aid occupies 62% and concessional loan accounts for 38%. In terms of geographic distribution, 46% of the total bilateral ODA will go for Asian countries and 24% will be allocated in African countries. By sector, 27% of the budget will go toward developing the economic infrastructure, while 42% will be allocated to support social infrastructure in the total amount of bilateral ODA. In the meantime, support for NGOs, emergency relief aid, and public-private partnerships doubled compared to the previous year [1] . As such, the increase in budgeting for aid and the assessment of effectiveness remains a constant challenge. In particular, how resources can be allocated by subdividing the aid by sector, considering the characteristics of each country, could be an important issue because it is linked to the effectiveness of the aid. Therefore, this study examines whether aids by sector are effective for countries in Asia where Korea continues to increase support.
This study aims to analyze the extent to which each type of aid for Asia contributes to the improvement of personal welfare. The human development index (HDI) has been selected as a personal welfare development index and used as a subordinate variable of the panel [4, 5] . This is a result of assuming that HDI represents the living conditions of residents. Panel models and fuzzy set ideal type analyses are used to explain the various determinants of ODA effectiveness. The fuzzy set ideal type model compensates for the general panel model, which has shortcomings in explaining the qualitative attributes of an each country case. The fuzzy set ideal type model can correct statistical problems that overlook the nonlinear characteristics of the variables and show that configurational determinants of the aid effectiveness are different by nation.
Relevant Literature Review

ODA Determinants
Since the late 1970s, an increasing number of studies have been actively conducted on aid determinants and the motivations for ODA programs. Previous studies have built a framework in terms of "donor's interest" (DI) and "recipient's needs" (RN) based on international political theories [6] [7] [8] . Through these models, many elements and drives for determining a donor's ODA have been identified. Since the Cold War ended in the 1990s, there are no longer dominant factors in ideological characteristics, and more studies have been conducted on the determinants of ODA in terms of a realistic perspective [9] . The DI model is based on the fact that the international community recognizes the state as a rational actor of international politics and relations. Thus, according to the theory of realism, the state decides the policies to maximize its economic and military interests. The DI model explains that the allocation of the ODA budget is pursued in the direction of expanding the economic, military, and diplomatic interests of donors [9] [10] [11] [12] . The United States and Japan are representative countries whose aid can be explained by these models. Katada (1997) demonstrates empirically that these countries allocate their ODA budget considering factors based on realism, especially national and political interests [12, 13] .
On the other hand, the RN model reflects the liberalism of international politics. According to liberalism, countries try to maintain international peace by creating international institutions and cooperating through the international institutions [14] . What is important in this cooperation is to reduce the economic gaps between countries so that free trade and exchanges are possible. Liberals also argue that the international community seeks peace based on cooperation and coexistence rather than war and forced competition. Donors distribute aid for more humanitarian purposes and provide more aid to the least developed and the developing countries that need more help regardless of the donor's political, economic, and diplomatic interests. Liberalism also regards the value of democracy as a key measure of peace and prosperity, as well as of its own importance. Therefore, according to the RN model, the donor countries, realizing these values, can allocate more aid programs to recipient countries for democratic reforms and human rights advancements. In short, the donor allocates aid to spread the universal values of the international community. Donors are expected to spread the universal values of the international community, such as democracy and human rights, through such cooperation.
Several studies have empirically explained the ODA allocation of donors by applying this model [15] [16] [17] [18] [19] [20] . They focus on aid to Nordic countries that have been traditionally supported by humanitarian motives, such as Sweden, Norway, and Finland [21, 22] . These studies also explain that the U.S. in the 1970s and Japan since the 1990s helped sub-Saharan African countries and other developing countries and that both consider the level of democracy and the extent of human rights development in recipient nations as important factors in determining the amount of aid [11, 12] . The limitation of this argument is that the state is assumed to be a single actor. Savun and Tirone (2011) argued that aid programs are designed to assist democratizing states adopt key principles such as the decentralization of political power and increased transparency and accountability as they develop democratic institutions [23] . By training state officials and providing necessary financial resources, democracy assistance programs can increase the legislature's capacity to shape and monitor policy and strengthen its oversight capacity in recipient countries.
Since the 2000s, studies have focused on the concentration of aid, and scholars have mainly explored the determinants of this allocation in terms of two models: the DI model and the RN model. First, Gibb (2000) explained the concentration of aid in terms of the donor's interest. He analyzed the Cotonou Agreement as a legal basis for the EU to strengthen its trade and development cooperation with African, Caribbean, and Pacific countries. He highlighted that this agreement guaranteed tarifffree imports of agricultural products from developing countries instead of encouraging the convergence of aid to these countries [24] . Lebovic (1998) and Poe (1992) , using US foreign aid data, also demonstrated that political and military interests played a key role in promoting public development aid policies [25, 26] .
On the other hand, studies have found that more aid has been provided to developing countries with low levels of income and high rates of infant mortality [16, 18, 20] . Researchers have argued that these results are evidence that the humanitarian motivation is an important incentive to provide aid. Brown & Swiss (2013) have explained the degree of recipient concentration of aid based on the RN model. They also examined 23 donors' actual records of country concentration and found that aid was distributed in so many different areas that it was difficult to apply the "selection and concentration" principle [27] . Furthermore, they argued that aid assets were not being allocated to countries in need. In short, they diagnosed this problem as decoupling and explained that the budget was not allocated to countries with needs for assistance.
ODA Effectiveness
Although developed countries have continued to provide aid to developing countries in spite of their financial burdens, no clear result has been drawn as an answer to whether ODA has contributed to the economic growth of recipient countries. In developed countries, public opinion has been formed, such as "aid fatigue," [28] which means that tax revenues are wasted on continued aid. Moreover, criticism has been raised that a donor's aid is being used to pursue a donor's strategic and commercial interests rather than to support domestic development in developing countries [20, 29, 30] . In this context, discussions about effectiveness have been raised to improve aid policies that are not satisfactory for both the donor and recipient countries, and to enhance policy performance. In order to improve the effectiveness of aid, it is becoming more important to consider the conditions of the recipient's administrative system rather than the relationship between the aid and economic growth. The main conclusions of these discussions are that aid should be provided to countries that have a sound policy environment because this can guarantee the effectiveness of aid in these countries. The Assessing Aid report, published by the World Bank in 1998, became the starting point of a new discussion on the effectiveness of development aid, and the linkage between democracy and administrative systems began to attract attention [31, 32] . The report pointed out that, while some countries, such as Korea, Indonesia, and Vietnam, have succeeded through aid, many countries still do not show the effects of aid. The report suggested ways in which aid could be most effective. With the publication of the Assessing Aid report, the international community has begun to highlight "good governance" as a key development agenda [32, 33] .
However, there are studies showing that the effectiveness of aid depends on the recipients' political circumstance. Evans and Rauch (1999) argued that these bureaucratic characteristics significantly enhance prospects for economic growth, even when they control for initial levels of GDP per capita and human capital [28] . The results imply that political condition is a crucial factor in general models of economic growth in developing countries. Alesina and Weder (2002) showed that there is no evidence that bilateral or multilateral aid goes disproportionally to less corrupt governments [29] . Knack (2004) showed that either the favorable impacts of aid on democratization are minor or they are roughly balanced by other democracy-undermining effects of aid dependence. Cross-country, highly aggregated studies such as this one must be complemented by case study evidence that more closely examines the effectiveness of particular democracy-promoting programs [30] . Rajkumar and Swaroop (2007) examined the role of governance-measured by the level of corruption and the quality of bureaucracy-in determining the efficacy of public spending in improving human development outcomes [31] . This contributes to an increased understanding of the relationship between public spending, governance, and outcomes, and helps explain the surprising result that public spending often does not yield the expected improvement in outcomes. Dreher et al. (2018) investigated the effects of short-term political motivations on the effectiveness of foreign aid with an African sample [32] . The analytical results showed that the effect of aid on growth is significantly lower in the African case, where short-term political preferences reduce the effectiveness of aid. Yanguas (2018) argued that the transfers generated political incentives for local authorities to pursue short-term, clientelistic spending that has reduced their potential benefits [33] . Even after controlling for the political factors, the ODA program impacts, particularly education and healthcare, may show program effects. For example, there are studies that discuss the effectiveness of aid by applying both the national level economic development and the personal level of human development [32] [33] [34] . Dreher et al. (2008) examined the impact of aid on education across various low-and middle-income countries.
The effectiveness of sector-specific aid was mainly assessed within the framework of social production functions [18] . The analysis suggested that higher per capita aid for education significantly increases primary school enrollment, while increased domestic government spending on education does not. Shirazi et al. (2010) suggested that the causal effects of aid and economic growth are positive impacts on education, life expectancy, and human development [35] [36] [37] . The results of Ranis et al. (2000) were also similar. Aid for health and education contributes to the development of human capital. Akinkugbe & Yinusa (2009) also confirmed the relationship between technological cooperation and policy support and the level of the human development index (HDI) in sub-Saharan African countries [38] .
Most research has been largely based on case studies [37] of specific donor countries, but such studies have not conducted much specific statistical analysis, such as the types of aid program individually, to verify the determinants of aid concentration. Previous research has neglected the fact that sector-specific aid can be more effective than total aid with ineffective sub-aid programs and, furthermore, that each developing country has a unique combination of various sub-programs in ODA. It should be also noted that a smart combination among the various health, housing, and education sectoral programs could generate positive dynamics of open community innovation and build up a effervescent foundation for social infrastructure to induce sustainable economic development [39] [40] [41] [42] [43] . Further study is necessary to identify how the effects of various sub-programs of ODA on human development vary across recipient countries and what type of arrangements among various sub-programs is effective for each country.
Methodology and Data
Empirical Model: Panel Analysis and Fuzzy Set Ideal Type Analysis
This study relies on two research methods: the panel data method and the fuzzy set approach. Our research seeks diversification of interpretation by applying fuzzy ideal type analysis in addition to the existing regression analysis method. By explaining the effects of ODA on HDI in various combinations of conditions, it is possible to offer various analyses that show the impact of the average oriented single variable. In addition, it is easy to compare cases by classifying and considering the qualitative characteristics of the cases. We will attempt to find various significant relationships between ODA and HDI by combining panel analysis and fuzzy ideal type analysis.
First, we introduce the panel model, which has the advantage of controlling unobserved heterogeneity across various countries. This means that we can overcome the limitations of missing variables by controlling the estimation errors that occur in the time series process and those that occur in the individual unit. Panel models are divided into a fixed effects (FE) model and a random effects (RE) model, depending on the assumptions of the error term that controls the missing variable. The FE model takes into account the inherent heterogeneity of the panel entity that does not change with time, that is, the effect of individual characteristics, and assumes that its inherent characteristics are latent. On the other hand, the stochastic effect model assumes that the inherent characteristics of an individual are not fixed but change stochastically. The choice of which of the two models is related to the research. However, in general, the Hausman test can be used to determine which model is more suitable. In this study, the pooled OLS model, the FE model, and the RE model were analyzed. We compared the pooled OLS with the FE model through the F test, and the significance of the time probability effect was tested through the Breusch-Pagan LM test. Finally, the Hausman test was used to compare the stationary effect and the random effect. As a result, the pooled OLS model was not suitable because of autocorrelation and heterogeneity.
Second, we use fuzzy set ideal type analysis. This approach has the advantage of being able to analyze the closeness of each type and the changes in the time series by converting the raw data into a fuzzy-set membership score [44] . The fuzzy set theory was first proposed by Lofti Zadeh in 1965 and has been used in mathematics and psychology as an extension of classical set theory (crisp-set theory), and its application in social sciences is gradually expanding widely. The traditional set (crispset) allows only two membership scores: 1 (present) and 0 (absent). X is a sufficient cause of Y if X is a subset of Y [45] [46] [47] . Set relations are linked to the idea of sufficiency and necessity. The notion triggers several analytic consequences. A sufficient (but not necessary) condition generally requires the existence of other sufficient conditions for the same outcome. This means that, by embracing a set-theoretic perspective on social science phenomena, one unavoidably recognizes the existence of equifinality. This shows that alternative factors can produce the same outcome [45] . This study sets out to determine factors by sufficient condition. On the other hand, in the fuzzy set, it is possible to measure various affiliation scores between 0.3 and 0.75 instead of 0 (membership) and 1 (nonmembership) dichotomies [46] . In this study, we used fuzzy set ideal type analysis to determine which factors lead to aid in Korea, and we analyzed the differences among the countries in the time series dimension focusing on the period from 2006 to 2016. In the analysis, a calibration process is performed to convert the fuzzy set score. However, if the variables are not standardized in advance, there may be a problem in that the reference point for each variable is randomly set in the conversion process. In this study, we standardized the values between 0 and 1, considering the maximum and minimum values of the variables in each category. The value of each variable was converted to the fuzzy set membership score by standardizing through the calibration function of the fuzzy set analysis. The comparison of the standardized values before the conversion into the fuzzy set membership score can be interpreted as relative to the position between the countries or between the variables. Calibration is basically set to three boundaries. According to the conventional set theory mentioned above, there are 1 and 0, which means FI (fully in or full membership) and FO (fully out or full non-membership), and 0.5, which is a crossover point, a branch point of 1 and 0. In this study, as suggested by Ragin (2008) , we set the value representing 95% within each category to FI, and the FO was set to a value representing 5% within each category. The branch point was based on the average value. The formula for calculating the fuzzy membership score is as follows. Ragin (2008) suggested the function to calibrate the degree of membership [46] .
Degree of Membership = exp(log odds) / 1 + exp(log odds)
In this study, the degree of membership is analyzed on the fuzzy set score derived from this formula with 0.5 as a reference point. The http://www.compasss.org site, which provides comprehensive information on QCA, provided 18 statistical software contents by the end of May 2017. Among the statistical software, the fs / QCA2.5 program developed by Ragin & Davey (2014) is commonly used [47] . We applied the program to calibrate and analyze the variables.
Data and Variables
In general, the contents specified in the Development Assistance Committee (DAC) are used as the definition of ODA. In other words, the ODA can be conceptualized as flows of funds provided to countries and regions, or multilateral development institutions, which are included in the list of recipients established by the DAC (OECD 2010). The DAC is an organization under the Organization for Economic Cooperation and Development (OECD), which was established to assist developing countries. Among the OECD countries, the countries providing loans are divided into the so-called "donors club" or the "advanced group for aid." The predecessor of the DAC is the Development Assistance Group (DAG), which was launched in 1960. The purpose of the establishment is to exchange information and opinions required to effectively assist developing countries and to coordinate the development process. Korea also joined the DAC as the 24th member country on November 25, 2009 [48] . However, analyzing all of these flows of funds can widen the scope of the study too much, and may lead to a blurring of the focus of analysis. Therefore, this study focused on the grant aid of bilateral aid among various types of ODA. Because the purpose of this study is to determine under what conditions recipients receive aid from donors, bilateral aid (which is the direct aid between the recipient and donor) is more appropriate in contrast to multilateral aid (which means indirect aid, such as investments through international organizations). Since credit assistance also has a repayment obligation for aid, repayment capabilities can be the most important reason for aid. Therefore, grant-aid, which has no burden of repayment, is more appropriate for examining the reasons and conditions of aid, so the range of ODA in this study means that the flow of funds into the recipient countries in the form of bilateral direct grants among ODA types, such as education, health, water and sanitation, and public services [49] [50] .
This study focuses on South Korea as a donor. It analyzes 15 Asian countries in which they have received the largest amount of aid from South Korea from 2006 to 2016. The recipient countries include Vietnam, Myanmar, Cambodia, Philippines, Lao PDR, Indonesia, Mongolia, Sri Lanka, Timor-Leste, Nepal, Bangladesh, Thailand, Pakistan, Afghanistan, and China. According to the Korea International Cooperation Agency (KOICA), which is the implementing agency for grant-aids, an average of 53.8% of Korea's ODA had been donated to Asian countries by 2016 [1] . South Korea has had close ties with Asian countries given its geographic proximity and cultural familiarity. This has been reflected in its concentration of aid allocation to Asia.
Given geographical proximity and cultural similarities with Asian partner countries, the Korean government has allocated the greatest amount of its ODA to Asian partner countries. There are 11 countries out of the 24 priority partner countries located in Asia, and more than half of Korea's bilateral aid is distributed to the Asian region. Since Korea kept the recommendations of the 2013 DAC Peer Review, Korea integrated the list of 24 priority partner countries common to both grants and loans. It is now concentrating over 70% of bilateral ODA to these countries for greater impact and effectiveness [3, 50] .
We selected 15 Asian regions as research subjects to investigate the ODA effectiveness. In this study, we also used the human development index (HDI) that was created to emphasize that people and their capabilities should be the ultimate criteria for assessing the development of a country, not economic growth alone. The HDI can also be used to question national policy choices, asking how two countries with the same level of GNI per capita can end up with different human development outcomes [2, 3] . Table 1 shows that the dependent variable is the time t (2007-2016) and the independent variable and the control variable are the time t -1 (2006-2015) . This reflects the time lag between the aid and the effects. 
Empirical Results
We performed panel analysis involving both FE (fixed effects) and RE (random effects). The total amount of ODA was applied as an independent variable. Model 1 is a regression model including demographic factors (population and economic factors) and governance factors (political stability, absence of violence, government effectiveness, and control of corruption) [51] [52] [53] . In the model, the FE model is more suitable by rejecting Ho as the Hausman test result.
Descriptive Statistics
This study observes Korea as a donor and analyzes 15 countries in the Asia region that Korea supported from 2006 to 2016. The observations are 150 and the values of mean, standard deviation, maximum, and minimum are standardized from 0 to 1 (see Table 2 ). This method enables us to compare the results between regression analysis and fuzzy set ideal type analysis [54] . 
Panel Regression Analysis
In this research, we tested the FE and RE models and reported the appropriateness of the Hausman test and the Breusch and Pagan Lagrangian multiplier test, respectively. More specifically, we conducted panel analysis of the HDI (H, HL, HE, HL) of total ODA (TO). We then examined a causal relationship between the size of aid from the Korean government and the HDI of recipient countries from 2006 to 2016. We investigated endogeneity in the panel regressions and introduced instrumental variables. The differences in the amount of ODA across Korean presidential administrations, irrespective of the HDI-related indicators of the beneficiary country, were used as instrumental variables generating an exogenous variation of the overall size of ODA. As for the instrumental variables, the Roh Moo-hyun government was used as the reference group, and Lee Myung-bak and Park Geun-hye were used as two government dummy variables. The statistical significance of these instrument variables was all within 1% (refer to Tables A1 and A2 for details). While the exogenous variations come from three different administrations, there may be additional sources of exogenous variations from country-specific time-varying trends from the 15 recipient countries from 2006 to 2015 (see Table A3 ). However, this study did not use various interaction variables between the 15 Asian countries and the three different presidential administrations of South Korea as instrumental variables. The reason is that the adoption of such instrumental variables involves a substantial loss of degree of freedom for estimation and that our FE approach may also simultaneously absorb a substantial part of the country-specific variation. Future research is required to explore this issue in terms of internal validity as well as external validity.
The effectiveness of ODA on specific program details was further analyzed through panel data analysis and fuzzy analysis. The specific explanatory variables (OE, OP, etc.) of ODA also have endogeneity, but here we focused on checking whether there is a difference according to program type using the program rather than the causality effect of these programs. Therefore, panel analysis by each type of program focused on identifying differences among these programs. Tables 3-6 shows the effects of TO on H, H, HL, HE, and HG using the FE model, the RE model, and the IV (instrumental variable) model. Notes: 1) IV = Instrumental variable estimation to control for the endogenous problem of the TO variable. Two instrumental variables such as two administrations (Lee Myung-bak and Park Geun-hye administrations) of South Korea as dummy variables compared with the reference group (i.e., Rho Moo-hyun administration); 2) b = regression coefficient; SE = standard error; 3) Hausman test for the null hypothesis that difference in coefficients is not systematic (i.e., the coefficients are equal); 4) POLS test indicates Breusch and Pagan Lagrangian multiplier test for random effects, judging whether or not to reject the null hypothesis that there is a common intercept (i.e., pooled OLS is appropriate); 5) *** p < 0.01, ** p < 0.05, * p < 0.10.
In Table 3 (HDI-dependent variables), the FE model explains 5.8% of the variation in HDI (H) overall, but 71.2% of the variation within countries over time and 5.6% of the variation across countries. The RE model explains 61.9% of the variation in HDI overall, but 61.4% of the variation within countries over time and 62.9% of the variation across countries. In both FE and RE models, TO has a positively significant effect on HDI at a significance level of 1%. As a result of the instrumental analysis, the estimates of TO are relatively larger than those of the FE model (0.082) and the RE model (0.101) (0.300 when we put the IV into the fixed model and 0.409 when we apply the IV into the random model).
As shown in Tables 4-6 , TO also had a significantly positive effect on the sub-factors of HDI (HL, HE, HG). Moreover, the estimates of TO were larger than those of the FE and RE models. We can confirm that TO also affects the HDI, HL, HE, and HG of the recipient countries. However, the estimates of the instrumental variables used in this study (TO, which is much more influenced by the Lee Myung-bak and Park Geun-hye governments than by Roh Moo-hyun) are larger than those of the FE and RE models (the size of TO was increased by several times). In the future, further analysis will be necessary to expand sample size and appropriate instrument variables should be explored.
ODA consists of various sub-components of international aid programs. They include education, health, water, and public service. We examined the influence of the subordinate factors (program) of TO, OE, OH, OW, and OP on sub-factors of HDI. We selected the appropriate model between the FE model and RE model after the Hausman test. In Table 7 , Model 1 is a regression model including demographic factors (population and economic factors) and governance factors (political stability, absence of violence, government effectiveness, and control of corruption). The FE model is more suitable, rejecting Ho as the Hausman test result. Table 7 shows the effect of the level of HDI of the recipients on the amount of aid provided by Korea. We examine the impact the amounts of ODA by support types on HDI as follows. Model 1 represents which factors are statistically significant, after including the control variables (I, POP, F, PS, G, and OH). In Model 1, the public service aid of ODA (OP) has a significantly positive effect on all HDI (H, HL, HE, and HG) but, the water and sanitation of ODA (OW) has no impact on all the dependent variables. The health aid (OH) has a statistically positive effect on human development index (H) and GNI per capita (HG) of recipient countries but not on human development index (H) and years of schooling (HE) of the recipient countries. On the other hand, the effects of educational aid of ODA (OE) vary from different human development outcomes. It appears that the effects of educational aid of ODA on development outcomes of recipient countries are complicated. OE is positively associated with HL, but negatively with HG and H. OE is not related to HE. Future research is required to explore a relationship between educational aid of ODA and development outcomes. The effect of foreign aid-based education is expected to be positively related to development. But there are potential confounding factors to influence (or distort) the relationship between educational aid and development outcomes. In addition, the impact of educational aid program might be non-linear. For instance, the effect of educational aid in small amounts may be very weak at the early stage of ODA program but increasingly strong as the amount of educational aid increases over time. In other words, the effect of educational aid takes time to emerge. Even if it does not significantly appear at the beginning of an educational support project, it is necessary to invest in education with a long term effect continuously.
HDIit = β0 + β11*OEit-1 + β2*OHit-1 + β3 *OWit-1 + β4 *OPit-1 + β4k *Xkit-1 + μit ----------(Model 1) where (1) HDI includes H, HL, HE, and HG; (2) Xk represents control variables (I, POP, F, PS, G, and C)
Fuzzy Set Ideal Type Analysis
Fuzzy set ideal type analysis is a framework that allows us to operate a precise configuration of concepts into ideal types and to categorize the cases.
To analyze and categorize the determinants of the differences in the size of aid in Korea, we used three conditions in the HDI index (education, health, and public service aid in ODA), according to the amount of the aid, using the fuzzy set method. Table 8 shows the ideal types of aid effectiveness.
It is further divided into the three dimensions: OE (ODA education aid), OH (ODA health aid), and OP (ODA public service aid). Once the membership scores for each case in each dimension were assessed, aid effectiveness as a combination of these three dimensions was analyzed. The results of the analysis by a complex solution show three types of causal conditions. As shown in Table 9 , Asian countries are categorized into three types of aid effectiveness: 1) education * health aid, 2) education * public service aid, and 3) health * public service aid. The empirical consistency of the complex solution is .798, and the coverage is .437. Three configurations account for 43.7% of the mechanisms involved in determining the HDI by Korea's aid. Examining three configurations demonstrates three causal conditions: 1) though the level of public service aid is low (~ODA_publicservice), the HDI of recipient countries is impacted when educational and health aids are high; 2) when the level of health aid is low (~ODA_health), and when the aids of education and public service are high, the HDI is influenced; 3) if the educational aid is low (~ODA_education) when health and public service aids are high, the level of HDI could become significant. These results show that, if a country receives a low level of aid, other types of aid are necessary for the recipient country's quality of life to improve. Figure 1 shows that the analysis of ideal types may be graphically organized as follows. Even if educational aid is low, the HDI is estimated to be high if the level of health and public service aid is high. Nations in which this is the case include Sri Lanka, Timor-Leste, Laos, Cambodia, and Nepal. These countries are of the health * public service aid type of effectiveness in Table 4 . For these countries, support for health and sanitation, or for public services, is more effective than support for education. Second, even if the health aid is low, the HDI increases when the educational aid and public services aid are high. This is the education * public service aid type of effectiveness. Nations in which this is the case include Mongolia, Bangladesh, and Sri Lanka. Even if it takes time for these countries, long-term support policies for education and public service improvement can be effective. Third, when the public service aid is low, the HDI becomes effective if the educational and health aids are high. This pertains to the education * health aid type of effectiveness. The countries in which this is the case include Myanmar, Indonesia, and Lao PDR. For these countries, health, hygiene, and education-related support should be preceded, which can directly affect their quality of life. Additionally, we examined political determinants of ODA effectiveness: political stability, absence of violence, and control of corruption. As shown in Table A4 in Appendix, Asian countries showed seven configurations of aid effectiveness. The causal conditions explained the configurations of causal condition. More specifically, OE and OH affect the HDI in Sri Lanka, Timor-Leste, Cambodia, and Nepal, but these countries were less affected by the political condition. In Mongolia and Bangladesh, OE is a key factor to increasing HDI. OH is necessary for the quality of life of Myanmar and Indonesia. A good political status, i.e., political stability, absence of violence, and control of corruption, is not always an essential condition for HDI. This implies that aid effectiveness depends on the country and that sector-specific aid by an ODA item may be more effective than total aid. In sum, some sub-programs of ODA are more effective in some countries but not in others. This finding allows us to design a well targeted aid program relevant to country-specific needs and priorities.
Conclusions
Summary of Key Findings
Recent empirical studies have paid attention to the causal relationship between aid, economic development, and quality of life, but discussions on the effects of aid on economic growth and quality of life are currently ongoing in the light of governance perspective [52, 53] . This study applied various models based on panel data to confirm the effect of aid on a country's quality of life. We analyzed the relationship between HDI and aid type in recipient countries. Based on UNDP's HDI, we looked at what types of aid led to meaningful changes in the quality of life (HDI) of recipient countries with panel regressions from 2006 to 2016, across 15 Asian countries, and then typified them by country with the fuzzy set method.
First, the panel regression analysis shows that the total amount of ODA has a positively significant effect on the HDI, including life expectancy, education, and economic growth in recipient countries. In other words, the higher the aid, the better the quality of life. The effect of sector-specific aid was not significant in the water and sanitation field grant-aid. On the other hand, education, health, and public service field aids have effects on the HDI. In particular, the effect of educational aid on the national income of developing countries is nonlinear with a quadratic form. The effectiveness of educational assistance takes time to materialize. The educational sector of the ODA program requires long-term intensive investment.
Second, the fuzzy set ideal type analysis was conducted to investigate which countries have different effects on aid type. For instance, Sri Lanka, Timor-Leste, Laos, Cambodia, and Nepal have shown that the ODA of public service and health is effective. Mongolia, Bangladesh, and Sri Lanka reveal the most effective support of education and public services. Myanmar, Indonesia, and Lao PDR are countries that require intensive aid in education and health. It is necessary to identify the effectiveness of each country and seek sectoral support rather than integrated aid.
This study addresses the limitations of previous research that analyze the effects of ODA. The analysis of the economic and social impacts of ODA on the basis of the panel data is significant. ODA variables were analyzed according to the purpose of the utilization of the aid amount. By separating the total amount of ODA into economic and social sectors, such as education, health, water and sanitation, and public service, we were able to analyze the effects on each dependent variable. In other words, social support, such as education, medical care, and welfare, is more likely to directly affect HDI. Further, it is necessary to carefully explore whether or not there are potential unrevealed causal relations between ODA and human development outcomes across countries. The IV approach in this study was not sufficient to identify all the possible causal links embedded in various contexts across countries. Since the IV method still contains a significant caveat regarding the causality of our empirical estimations, further research should explore how the existence of country-specific timevarying trends can generate the degree of exogenous variation in the ODA program, not correlated with the degree of human development factors. Beside the internal validity issue, the degree of the causality may also vary across different country groups other than the 15 recipient countries in this study. More expanded multiple sources from other developing countries can improve the external validity of our empirical findings.
Policy Implications of ODA Programs
The main topic of ODA is related to the effectiveness of the aid project and the development capacity of the recipient countries through aid. The theme has attracted the attention of many researchers due to the appearance of aid fatigue in 1990 and the end of the Cold War, which rationalized ideological aid [29] [30] [31] [32] [33] [34] [35] [36] [37] 55] . This was a very controversial issue due to the effectiveness of aid and development. However, in spite of the controversy over the direction of aid, understanding the characteristics of the recipient country can lead to sustainable and effective aid.
Further research is required to explore all recipient countries and the whole ODA program to improve the ODA system. Previous research [56] [57] [58] [59] [60] [61] [62] has neglected open and social innovation ideas and missed potential effective roles of various stakeholders in communities and markets in developing countries. An open innovation approach can provide smart and sustainable solutions to improving the effectiveness of various ODA programs [39] [40] [41] [42] . The outcome function of ODA programs depends not only on their financial resources and managerial factors [58] [59] [60] [61] [62] but also on market forces, state bureaucracies, the effective collaborations among nations, and social business innovations [41] . There are state roles, market elements, and social forces that facilitate the emergence of social innovations [43] through formal and informal interactions among various stakeholders involved in the implementation of ODA programs. More specifically, future research should be paid to improving the effectiveness and quality of ODA programs in terms of three aspects: (1) the significance of informal interactions in the open innovation system of developing countries [20] ; (2) the importance of social entrepreneurs and social business models with grassroots ideas in developing countries [41] ; and (3) the effective elimination of bureaucratic inertia of ODA programs through the mobilization of the grassroots and community innovators [15] . Our study does not consider these three points, and future research is required in order to explore a more scientific approach for the effective function of ODA programs. 
